OBJECTIVE: The Medifast 5 & 1 Plan (MD) is a portion-controlled, nutritionally-balanced, low-fat weight-loss plan. We studied the effects of MD compared with a reduced-energy, food-based diet (FB) on body weight, waist circumference, fat mass and other measures in adults. DESIGN: We conducted a two-parallel-arm, randomized, controlled trial comparing MD to FB over 52 weeks. A total of 120 men and women aged 19-65 years with BMI X35 and p50 kg m À 2 were randomized to MD (n ¼ 60) or FB (n ¼ 60). Follow-up included a 26-week weight-loss phase and 26-week weight-maintenance phase. Anthropometric, body composition, biochemical and appetite/satiety measures were performed at baseline and at 26 and 52 weeks. An intention-to-treat, linear mixed models analysis was the primary analysis. RESULTS: Fifty MD subjects (83.3%) and 45 FB subjects (75.0%) completed the study on assigned treatment. At 26 weeks, race-adjusted mean weight loss was 7.5 kg in MD subjects vs 3.8 kg in FB subjects (P ¼ 0.0002 for difference); reduction in waist circumference was 5.7 cm in MD vs 3.7 cm in FB (P ¼ 0.0064); and fat mass loss was 6.4 kg in MD vs 3.7 kg in FB (P ¼ 0.0011). At 52 weeks, the corresponding reductions were 4.7 vs 1.9 kg (P ¼ 0.0004); 5.0 vs 3.6 cm (P ¼ 0.0082); and 4.1 vs 1.9 kg (P ¼ 0.0019) in MD and FB subjects, respectively. CONCLUSION: In obese adults, MD resulted in significantly greater reductions in body weight and fat compared with an FB diet for 1 year after randomization.
INTRODUCTION
Obesity is increasingly prevalent and widespread in the United States. In 2009-2010, 435% of adults were obese, and by 2010, no state had a prevalence of obesity of o20%. 1, 2 Obesity is associated with reduced lifespan 3 and many indicators of poor health. 4 The causes of obesity at both the individual and population levels are manifold and are not understood completely, [5] [6] [7] and many different diets have been tried to treat obesity. 8 Although some degree of weight loss can be expected with all of these diets, long-term maintenance of weight loss tends to be poor. 9 One approach to address both weight loss and maintenance has been the use of portion-controlled meal-replacement diet plans. Such diets may provide a convenient alternative to controlling food intake in the current environment of ever-expanding portion sizes. 10, 11 The Medifast 5 & 1 Plan (MD) is a commercially available, nutritionally-balanced, low-fat mealreplacement diet. This plan includes five prepackaged meals plus a user-selected meal consisting of a lean protein source and three servings of vegetables daily.
We studied the effects of MD compared with an isoenergetic, food-based diet (FB) on multiple measures in adults, including body weight, other anthropometric measures, body composition, blood pressure, biochemical markers, and appetite and satiety measures over 52 weeks, which included weight-loss and weight-maintenance phases. We hypothesized that MD would result in greater improvements in the main outcomes-body weight, waist circumference, and fat mass-compared with FB following the weight-loss phase and less regression of these improvements following the weight-maintenance phase.
SUBJECTS AND METHODS

Study design
We used a two-parallel-arm randomized controlled trial design. Following screening, eligible participants were randomly assigned to MD or FB. The study period was 52 weeks, and included a 26-week weight-loss phase followed by a 26-week weight-maintenance phase. Outcome measures were assessed during clinic visits at baseline and at 26 and 52 weeks after randomization. Additional contacts occurred at 2, 4, 12, 20, 28 and 46 weeks (telephone) and 8, 16, 32 and 40 weeks (clinic) to address any concerns and ask about weight loss. Non-compliant subjects were encouraged to attend the 26-and 52-week visits for assessment of main outcome measures. All visits took place between October 2010 and February 2012. The study was registered at clinicaltrials.gov (registry #NCT 01211301).
Study participants
Eligibility criteria were being generally healthy men and women aged 19-65 years, body mass index (BMI) between 35 and 50 kg m À 2 , blood pressure p160/95 mm Hg, fasting serum glucose level p126 mg dl À 1 , and desire to lose weight. Exclusion criteria were participation in a weightreduction program or other special diet within the previous 3 months; weight change of 45% of body weight in the previous 6 months; prior bariatric surgery or liposuction; current medications associated with suppression or stimulation of appetite; current major disease, including diabetes, cancer, uncontrolled hypertension or other cardiovascular disease, gastrointestinal disease, renal disease, chronic pulmonary disease, chronic infectious disease or psychiatric disease; unstable doses of antidepressants, steroids or thyroid medications; Brief Symptom Inventory 18 12 score exceeding the 90th percentile; food allergies; history of an eating disorder or Eating Attitudes Test 40 13 score 430; smoking within the previous 6 months; excessive alcohol intake; illicit drug use; pregnancy, recent childbirth, or nursing; and no usual source of health care.
Subjects were recruited from the Birmingham, AL, USA, area through an e-mailed flyer, campus newspaper advertisement, databases of persons interested in weight loss, and word of mouth. Subjects were screened for initial eligibility by telephone. Eligible subjects attended a clinic visit for further screening, during which fasting serum glucose concentration was assessed; height, weight and blood pressure were measured; and screening questionnaires were completed. Subjects who passed this second level of screening and were interested in proceeding were randomly assigned to one of two study groups (Figure 1 ). The protocol was approved by the Institutional Review Board for Human Use at the University of Alabama at Birmingham (UAB), and informed consent was obtained from each subject.
Randomization
At the baseline visit, eligible participants were randomly assigned to the MD or FB group via a pseudorandom number generator with a 1:1 allocation ratio. The allocated group was indicated on cards contained in sequentially numbered, opaque, sealed envelopes prepared in the Department of Biostatistics, UAB School of Public Health. To randomize a participant, the study coordinator opened the next consecutively numbered envelope in the presence of the participant. Intervention MD group: weight-loss phase. At baseline, subjects randomized to MD received a Quick Start Guide providing details of the plan and were encouraged to enroll in the MD online support 'community.' MD offers services and products via multiple venues. This trial used the one offered to MD customers who purchase the company's products by phone or website. The plan consisted of five portion-controlled, nutritionallybalanced, low-fat meals plus one 'Lean & Green' meal each day. MD meals came in individual packages supplied by the company (Medifast, Inc., Owings Mills, MD, USA). More than 70 MD meal choices were used interchangeably, so that any five meals could be selected by a participant for their daily meals. MD provided B800-1000 kcal d À 1 , depending on personal selections. The Lean & Green meal consisted of a lean protein source plus vegetables selected and provided by the participant from a list provided in the Quick Start Guide. The 'Lean' portion included 5-7 ounces (cooked weight) of lean meat or meatless protein source and 0-2 servings of healthy fat (based on protein choice). The 'Green' portion included any three servings of low-carbohydrate/non-starchy vegetables (1/2 cup or 1 cup depending on vegetable choices).
MD support consisted of online access to MD resources, including dietitians, trainers, recipes, message boards and chat rooms, allowing participants to interact with others on the same plan. MD meal ordering was via telephone between the company and participant. MD participants were given a menu, ordering instructions, and a dedicated coupon code to ensure that products were sent to their homes at no charge to them. Participants ordered 1 month of meals and were encouraged to use the auto-ship feature to prevent inadvertently running out of meals. Participants unsatisfied with any MD product could exchange it for another at the clinic. As MD meal replacements are fortified with vitamins and minerals, MD participants were advised to not take a daily multivitamin/mineral supplement.
FB group: weight-loss phase. Participants randomly assigned to the FB group were provided with a 1000-kcal per day meal plan based on regular foods selected, procured and prepared by the participants. Food lists, Figure 1 . Consort diagram.
Trial of the Medifast 5 & 1 Plan sample menus and a portion size reference were provided. FB participants were referred to the MyPyramid.gov (currently ChooseMyPlate.gov) website for nutrition information. To ensure adequate nutrient intake, FB participants were advised to take a daily multivitamin/mineral supplement.
Both groups: weight-maintenance phase. During the 26-week weightmaintenance phase, we calculated the estimates of energy needs for subjects in both groups to maintain weight by use of a computergenerated basal metabolic rate (BMR) based on lean body mass measured by bioelectrical impedance analysis. BMR was multiplied by an activity factor (based on self-report) to calculate total energy expenditure. The MD group was given the option of including 0-3 MD meals per day to reach their energy needs for weight maintenance, whereas the FB group remained wholly food-based.
Measures
Body weight was assessed at baseline and at the 26-and 52-week clinic visits as outcome measures (and at the 8-, 16-, 32-and 40-week clinic visits as a check of participant progress), with participants in light clothing and no shoes using a Tanita model BC-418 digital scale/body composition analyzer (Tanita Corporation of America, Inc., Arlington Heights, IL, USA). Height was measured at baseline without shoes using a Harpenden wallmounted stadiometer. BMI was calculated as kg m À 2 using measured weight and height. Waist circumference was measured at baseline and at 26 and 52 weeks with a constant-tension tape measure on bare skin at the natural indentation between the 10th rib and iliac crest at the end of a normal expiration. Body composition was assessed at baseline and at 26 and 52 weeks by bioelectrical impedance analysis using the scale/ segmental body composition analyzer. Blood pressure was measured at the same time points with a DINAMAP ProCare 100 blood pressure monitor (GE Healthcare, Waukesha, WI, USA). Upper arm circumference was measured to determine appropriate cuff size. Blood pressure was measured twice following a 5-minute rest period with a 30-second rest period between measurements. Analyses used the mean of the two measurements. All measurements were performed by a single staff person, trained and certified in measurement procedures.
Fasting blood samples were collected at the baseline, 26-and 52-week visits. Lipid (total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein cholesterol and triglycerides) and hepatic function (alanine aminotransferase, aspartate aminotransferase (AST) and alkaline phosphatase) panels were performed by a clinical diagnostic laboratory (Quest Diagnostics, Madison, NJ, USA). Glucose and high-sensitivity C-reactive protein (hs-CRP) assays were performed in the Metabolism/ Human Physiology Core Laboratory at UAB. Glucose was assayed with a glucose oxidase reagent on a Sirrus analyzer (Stanbio Laboratory, Boerne, TX, USA), with an interassay CV of 3.1% and a minimum sensitivity of 1 mg dl À 1 . hs-CRP was assayed with a turbidometric method on the Sirrus analyzer, with an interassay CV of 2.1% and a minimum sensitivity of 0.05 mg l À 1 . Lipid hydroperoxides (LPO) were measured in the Bioanalytical Redox Biology Core Laboratory at UAB with a ferric thiocyanate assay (Cayman Chemical Company, Ann Arbor, MI, USA).
At the 26-and 52-week visits, appetite sensations (including hunger, fullness, thoughts of food, urges to eat and food cravings) were assessed with validated visual analog scales (VAS). 14 Questionnaires also were completed at these two visits to assess self-reported adherence to the respective diet plans during the weight-loss and weight-maintenance phases.
Statistical analysis
All data were screened for univariate and multivariate outliers to detect any potential misentries, and any transcription errors detected were corrected. In order to conduct intention-to-treat analyses using all randomized subjects, we performed linear mixed models with time of measurement, treatment condition (MD vs FB), and the treatment-by-time interaction as the predictors of interest. For each outcome analyzed, the baseline measure was used as a covariate; thus, two time points (weeks 26 and 52) comprised the within-subject time factor. With two time points, a compound-symmetric covariance structure was assumed. Residuals were examined to evaluate the normality and homoscedasticity assumptions. Although there were no extreme departures from normality, we detected heterogeneity of variance across experimental groups on several outcomes. Thus, due to the change in the number of observations over time and this heterogeneity of variance, separate covariance functions were estimated, and Kenward-Roger adjustments 15 to the error degrees-of-freedom were calculated. As this correction for heterogeneity of covariance matrices did not affect the major conclusions, we reported the results of tests assuming equal unstructured covariance structures. Secondary analyses to compute statistical tests for within-group change used linear mixed models across all three time points. Given that race has been associated with weight loss achieved in previous trials, 16 and we observed modest imbalance in race between the MD and FB groups, we elected to adjust the results for race. As this was not preplanned, in accordance with Consolidated Standards for Reporting Trials (CONSORT), 17 we present results both adjusted and unadjusted for race.
Two sensitivity analyses were conducted. First, we performed the same set of analyses for the subset of subjects that completed the study on their assigned treatment regimen (that is, completers only). Second, to increase comparability with other published trials (although we do not endorse the method), we used an imputed data set in which any missing data were replaced with the last observation carried forward. Analyses were performed using SAS statistical software, version 9.2 (SAS institute Inc., Cary, NC, USA).
RESULTS
A total of 120 persons were randomly assigned to either FB (n ¼ 60) or MD (n ¼ 60) ( Figure 1 ). The majority of subjects were well-educated African-American women. There were no statistically significant differences in sex, age, race or education between the two groups ( Table 1) . Fifty MD subjects (83.3%) completed the 52-week study period on the assigned treatment compared with 45 FB subjects (75.0%) (P for difference ¼ 0.3689). Ten MD subjects and 15 FB subjects stopped following their assigned meal plan or had chosen a different weight-loss plan at some point prior to the final clinic visit at 52 weeks (designated 'not on assigned treatment'). Seven of the 10 MD subjects and 11 of the 15 FB subjects not on assigned treatment did complete the final clinic visit.
Self-reported adherence to the diets generally was 'fair' during both the weight-loss and weight-maintenance phases. There were no significant differences between the groups in self-reported adherence to the assigned diets at weeks 26 or 52, nor were there significant differences in changes in adherence between week 26 and week 52. The mean (s.d.) number of meal replacements reported over the previous 2 weeks by the MD group at week 26 was 33.3 (25.5) of the maximum 70 if the subjects had used 5 meal 
Weeks
In results adjusted for race, body weight, BMI, waist circumference, fat mass and fat-free mass were significantly reduced in the MD group at 26 weeks compared with baseline. In the FB group, there were significant reductions in all of these measures except for fatfree mass ( Table 2 ). In both groups, there were significant increases in fat-free mass/weight. Weight loss was greater in the MD group compared with the FB group ( À 7.5 vs À 3.8 kg; P ¼ 0.0002), corresponding to a mean 6.7% loss of baseline weight in the MD group compared with a mean 3.4% loss in the FB group. There were corresponding statistically significant greater decreases in BMI ( À 2.6 kg m À 2 vs À 1.4 kg m À 2 ; P ¼ 0.0005), waist circumference ( À 5.7 cm vs À 3.7 cm; P ¼ 0.0064), fat mass ( À 6.4 kg vs À 3.7 kg; P ¼ 0.0011), and fat-free mass ( À 1.2 kg vs À 0.2 kg; P ¼ 0.0162), and increase in fat-free mass/weight ( þ 2.9% vs þ 1.9%; P ¼ 0.0110) in the MD group compared with the FB group. There were no significant differences between the groups in changes in systolic or diastolic blood pressure from baseline to 26 weeks. Total cholesterol, LDL cholesterol, hs-CRP, alanine aminotransferase, AST and LPO were significantly decreased in the MD group at 26 weeks compared with baseline; in the FB group, there was a significant reduction in LPO (Table 3 ). Total and LDL cholesterol decreased to a greater degree in the MD group than in the FB group ( À 8.4 mg dl À 1 vs À 1.1 mg dl À 1 ; P ¼ 0.0355 and À 9.2 mg dl À 1 vs À 3.0 mg dl À 1 ; P ¼ 0.0119, respectively). LPO decreased slightly more in the MD group than in the FB group ( À 3.4 mM vs À 2.6 mM; P ¼ 0.0289).
At 52 weeks, in results adjusted for race, weight, BMI, waist circumference and fat mass were significantly decreased in both the MD and FB groups compared with baseline ( Table 2) . Fat-free mass/weight was significantly increased in both the MD and FB in both groups at 52 weeks. The weight reduction at 52 weeks was attenuated in both groups compared with that at 26 weeks, but continued to be greater in the MD group compared with the FB group ( À 4.7 kg vs À 1.9 kg; P ¼ 0.0004), corresponding to a mean 4.2% loss of baseline weight in the MD group compared with a mean 1.7% loss in the FB group. Reductions in BMI ( À 1.6 kg m À 2 vs À 0.7 kg m À 2 ; P ¼ 0.0012), waist circumference ( À 5.0 cm vs À 3.6 cm; P ¼ 0.0082), fat mass ( À 4.1 kg vs À 1.9 kg; P ¼ 0.0019), and increase in fat-free mass/weight ( þ 1.9% vs þ 1.1%; P ¼ 0.0292) were attenuated in both groups compared with those at 26 weeks, but remained significantly greater in the MD group.
Moreover, at 52 weeks, hs-CRP was significantly reduced compared with baseline in the MD group, whereas there were no significant reductions in the FB group (Table 3) . Of the biochemical measures, only the reduction in hs-CRP was significantly greater in the MD group than in the FB group ( À 2.9 mg dl À 1 vs À 0.5 mg dl À 1 ; P ¼ 0.0021).
Appetite sensations A significant increase in the feeling of fullness was noted in the MD group at 52 weeks relative to 26 weeks. However, there were no significant differences in changes in VAS scores regarding hunger, fullness, thoughts of food, urges to eat and food cravings between the groups comparing scores at week 26 with those at week 52 (data not shown). Table 2 . Anthropometric measures, body composition and blood pressure in the two groups at baseline and follow-up: intention-to-treat analysis
Baseline
Week 26
Change from baseline
Week 52
Change from baseline Table 3 . Biochemical measures in the two groups at baseline and follow-up: intention-to-treat analysis
Baseline
Change from baseline
Change from baseline 
Sensitivity analyses
The results of analyses including only those subjects who completed the study on their assigned treatment were not substantially different from the results of the intention-to-treat analysis ( Tables 4 and 5) . Likewise, although the analyses using last observation carried forward for missing data yielded slightly different results than those presented, there were no substantial interpretive changes (Supplementary Tables 6 and 7) .
DISCUSSION
In this randomized controlled trial targeting obese adults, MD led to significantly greater reductions in body weight, BMI, waist circumference and fat mass compared with FB at the end of the 26-week weight-loss phase. Furthermore, the MD group maintained significantly greater reductions in weight, BMI, and fat mass following the weight-maintenance phase at 52 weeks. Other notable findings included significantly greater reductions in total cholesterol, LDL cholesterol and LPO in the MD group at 26 weeks and in hs-CRP at 52 weeks. Meal-replacement diet plans generally have produced greater weight loss than more traditional diets, at least in the short term. The anthropometric and body composition results following the weight-loss phase in our study generally are in agreement with the results of a previous study comparing the MD to FB diet. 10 In that 40-week randomized controlled trial of 90 obese adults, weight, BMI, waist circumference and percent body fat showed greater reductions in the MD than in the FB group after the 16-week weight-loss phase. In a study of persons with type 2 diabetes, a portion-controlled meal-replacement diet resulted in greater weight loss at 34 weeks than a reduced-energy, FB diet. 18 Overweight and obese subjects randomly assigned to using liquid meal replacements lost significantly more weight during a 3-month weight-loss period compared with those randomly assigned to an energy-restricted diet. 19 A meta-and pooling analysis including six studies utilizing partial meal-replacement plans showed a significantly greater weight loss at 1 year in subjects receiving the partial meal replacements compared with conventional reduced-energy diets. 20 Other studies have demonstrated no advantage of mealreplacement diets over traditional low-energy weight-loss diets. In a study in overweight women, weight, waist circumference and fat mass were reduced to similar degrees after 12 weeks with an energy-restricted diet with or without meal replacements. 21 Likewise, there were no significant differences in weight loss at 3 or 6 months in 66 obese subjects randomly assigned to a lowenergy/meal-replacement diet or a low-energy only diet. 22 While we continued to see significantly greater reductions in weight, BMI and fat mass in the MD group after the 26-week weight-maintenance phase (1 year after baseline), long-term results of other studies of meal-replacement plans have been mixed. For example, Davis et al. 10 observed no significant differences in changes in weight, BMI, waist circumference or percent body fat following their 24-week weight-maintenance phase (40 weeks after baseline). However, in another study, although there was no significant difference in weight loss in subjects randomly assigned to a diet plan incorporating liquid meal replacements or an isoenergetic traditional diet after a 12-week intervention period, the meal-replacement group maintained their weight loss, whereas the traditional food group regained most of their weight loss after 1 year. 23 In another study, subjects using meal replacements lost more weight over a 1-year intervention than those attending dietitian-led classes only. 24 Portion-controlled meal replacements may facilitate weight-loss by eliminating the need for dieters to make judgments on appropriate portion sizes, 10 which can be challenging in the current environment Table 5 . Biochemical measures in the two groups at baseline and follow-up: analysis restricted to participants who completed the study on assigned treatment condition Baseline Week 26
Change from baseline
Change from baseline of expanding portion sizes. 11 Meal replacements allow for a more structured meal plan and fewer decisions about food choices on the part of dieters, thus improving compliance and reducing dietary failures. 19, 20 In fact, in the current study, more subjects in the MD group than in the FB group completed the study on the assigned treatment, although this difference was not statistically significant. It should be noted, however, that while MD subjects reported that their adherence to the plan was on average slightly better than 'fair' at 26 weeks, they reported consuming on average only about half of the total number of recommended meal replacements over the previous 2-week period. It is possible that greater use of the meal replacements would have resulted in greater weight loss. The effects of meal-replacement diets compared with standard reduced-energy diets on various biomarkers have been equivocal. In contrast to our study, Davis et al. 10 saw no between-group differences in changes in lipids at 16 or 40 weeks, nor were there differences in changes in lipids in another such trial following weight-loss or weight-maintenance phases, 18 or after a 12-week weight-loss phase in a third trial. 21 However, another study showed significantly greater reductions in triglycerides in subjects randomly assigned to a meal-replacement diet compared with those on a standard energy-restricted diet following a 24-month weight-maintenance phase. 25 The diminishing reductions in total and LDL cholesterol observed in our study in the weightmaintenance phase compared with the weight-loss phase likely were due to some weight regain, 26 noted in both groups during maintenance.
In agreement with our study, no between-group differences in reduction in blood glucose concentrations were noted in subjects on a meal-replacement diet compared with those on a FB diet. 18 However, there were significantly greater reductions in glucose in subjects randomly assigned to a meal-replacement diet compared with a standard energy-restricted diet 25, and in diabetic subjects randomly assigned to liquid meal replacements compared with a standard exchange diet plan. 27 In our study, we saw a significant between-group difference in change in hs-CRP at 52 weeks, whereas Davis et al. 10 found this difference only in those with high baseline hs-CRP concentrations (43.0 mg/dl).
Strengths of this study included the randomized controlled trial design, the relatively large sample size, the 1-year duration of the study, the inclusion of weight-loss and weight-maintenance phases, and the relatively high proportions of subjects completing the study period on their assigned treatment. We attribute the retention of subjects to several factors, including the relationships they developed with the study coordinator, creating a sense of accountability on the part of subjects; the frequency of contacts with subjects (by both telephone and in-person); and the convenient study facilities. MD included actual foods, as opposed to meal replacements such as shakes or bars, and, therefore, may be a more sustainable approach to weight loss. A limitation was not being able to blind participants to the intervention. It is possible that being assigned to an undesirable group (in most cases, the FB according to anecdotal accounts) could have affected compliance with the treatment and ultimately the results. Physical activity, including possible changes in this variable, was not assessed. Finally, subjects in the MD group received their foods at no cost to them, unlike a real-world setting in which individuals would have to purchase meal replacements. Costs associated with meal-replacement diets should be considered when making a recommendation for a weight-loss diet, but were not assessed in this study.
In summary, in obese adults, MD resulted in significantly greater reductions in body weight and fat than did the FB following both a 26-week intervention phase and an additional 26-week weightmaintenance phase. Prepackaged meal-replacement diets appear to have a place in the weight-loss/weight-maintenance arsenal. The balancing of effectiveness, convenience and ease of use with cost considerations when making recommendations for weight loss is a topic for future research.
